Globally, violence is the fourth leading cause of death for those aged 15 to 44 years worldwide (World Health Organisation (WHO), [2014](#CIT0025)). However, rates of non-fatal interpersonal violence are much higher than fatal, with many victims of physical violence attending emergency departments (ED) for treatment of their injuries (Ranney et al., [2011](#CIT0025); Walton et al., [2010](#CIT0031)). This indicates that ED represent a focal venue to examine risk factors associated with violence-related injuries. Notably, risk factors for physical violence are complex and intertwined and are often common in both victims and perpetrators of violence (WHO, [2014](#CIT0034)). In studies that have focused on physical assaults using ED data a number of demographic variables have been identified. For example, a Norwegian study investigated assault characteristics of victims over a 2-year period and found that the majority were under the influence of alcohol, young males, had higher rates of unemployment, and were living in an economically deprived area (Steen & Hunskaar, [2004](#CIT0028)). A Danish register-based study found that being male, young adults (aged 16 to 30 years), non-Danish and being single or divorced were all significant risk factors associated with being victims of physical violence (Kruse, Sørensen, Brønnum-Hansen, & Helweg-Larsen, [2010](#CIT0019)). In another study that explored risk factors for assault-related injuries treated in ED among children and adolescents found that increasing age, living in a metropolitan area, being of African American race, and the lack of private insurance were independent predictors in the USA (Monuteaux, Fleegler, & Lee, [2012](#CIT0022)).

Alcohol and substance misuse have also been documented as robust risk factors for violence-related injuries treated in ED (Cherpitel, Martin, Macdonald, Brubacher, & Stenstrom, [2013](#CIT0007); Vitale & Van de Mheen, [2006](#CIT0030)). For example, a recent study compared youth attending ED for an assault-related injury (AI) and those with non-assault injuries. This study found that over half of the AI group met the criteria for a drug or alcohol disorder, had a prior visit to the ED for assault injuries, were on probation and met the criteria for posttraumatic stress disorder (PTSD) on the index visit (Bohnert et al., [2015](#CIT0004)). This latter finding is interesting to note as PTSD and stress-related disorders (acute stress reaction and adjustment disorder) are commonly reported consequences of interpersonal violence, however, less research has looked at the role of stress-related conditions as a risk factor for violence-related injuries. Indeed, it has been well-established that experiencing adversity, particularly in childhood, has been associated with adult re-victimisation (Barnes, Noll, Putnam, & Trickett, [2009](#CIT0002); Widom, Czaja, & Dutton, [2008](#CIT0033)) and studies demonstrate that reinjury for physical assaults are common, particularly in youth samples (Bohnert et al., [2015](#CIT0004); Cheng et al., [2003](#CIT0006); Copeland-Linder, Johnson, Haynie, Chung, & Cheng, [2012](#CIT0009)). Adverse experiences may therefore be an important factor in predicting violence-related injuries; however, few ED studies have examined this.

Consistent evidence highlights that rates of violence are higher in youth samples than adults. The National Survey of Children's Exposure to Violence (NatSCEV) reported more than one-third of youth were exposed to a physical assault and 60.8% were exposed to at least one form of violence during the past year. Furthermore, this survey found that those exposed to one form of violence were more commonly exposed to multiple forms (Finkelhor, Turner, Shattuck, & Hamby, [2015](#CIT0012)). Gender differences in physical violence have also been noted with males being at an increased risk of experiencing fatal forms of violence (WHO, [2014](#CIT0034)) that occur in public places and/or where the perpetrator is a stranger; whilst females are at heightened risk of violence from intimate partners and/or at home (Johansen, Wahl, & Weisaeth, [2008](#CIT0017); Steen & Hunskaar, [2004](#CIT0028); Walton et al., [2009](#CIT0032)).

This study aimed to identify a number of risk factors associated with exposure to physical violence in a Danish sample of victims presenting to the ED for treatment of their injuries. Specifically, we explored demographic factors (e.g. civil status, national background, employment status); adverse experiences (e.g. involvement in child protective services); a diagnosis of alcohol and substance use problems and a previous criminal conviction. It is anticipated that the findings of this study will contribute to the existing research in a number of ways. First, data were derived from the Danish nationwide registers which represent a powerful tool to investigate a multitude of risk factors in comparison to self-reported measures. Second, risk factors were assessed five years prior to exposure of the physical assault which ensures temporally ordered models of risk are estimated. Third, this study examines a broader range of violence-related injuries treated in ED's as previous studies have focused on specific subgroups, for example, victims of intimate partner violence (e.g. Wu, Huff, & Bhandari, [2010](#CIT0035)) and adolescent populations (e.g. Walton et al., [2010](#CIT0031)). Fourth, the current study will use a matched control group to assess differences between those exposed and non-exposed to physical violence. Finally, studies using ED data have highlighted that individuals presenting with assault-related injuries often experience re-injuries possibly as a result of retaliation (Copeland-Linder et al., [2012](#CIT0009)). Therefore, ED's represent a pivotal setting to target violence prevention interventions. The findings of this study may therefore be useful to assess multiple risk indicators of violence-related behaviours in the years prior to the assault which can be used to inform interventions.

1.. Methods {#S0002}
===========

1.1.. Study population {#S0002-S2001}
----------------------

The population consists of individuals with an emergency room contact for a physical violence-related injury, as collected by the Accident Analysis Center for Aarhus County Municipality during three survey rounds: 1987--1988 (n = 1613), 1993--1994 (n = 1398) and 1999--2000 (n =1052). Using the Civil Registration System, a case-control cohort was established whereby victims 3,940 victims were successfully matched with controls according to age, gender and municipality in a 10:1 ratio of controls to cases. The control group did not have had any emergency room contact or police record due to violence. In Denmark, all residents are assigned a unique civil registry number (CPR), which can be used to link information within and across the nationwide Danish registers. (Pedersen, [2011](#CIT0024)).

1.2.. Measures {#S0002-S2002}
--------------

The population statistics register was used to collect demographic information on the victims and controls. Age was measured in terms of year of birth and was calculated to correspond to the age in the year in which the victim presented to hospital for treatment of violent assault. Marital status was defined as widow/widower, divorced, married and unmarried. National origin was defined as Danish or non-Danish (the latter category comprising immigrants and descendants from immigrants).

1.3.. Employment status {#S0002-S2003}
-----------------------

Using information derived from the Income Statistics Register socioeconomic status was defined as employed, unemployed (defined as unemployed for at least half of a calendar year) outside labour force (OLF; e.g. individuals outside the workforce due to sickness, disability, pensioners) and being a student.

1.4.. Highest education {#S0002-S2004}
-----------------------

Education level was derived from the Education Register and defined as compulsory education (primary and lower secondary, up until age 15--16), secondary education (e.g. upper secondary, vocational, apprenticeships) and tertiary education (bachelor degree or higher).

1.5.. Adverse experiences {#S0002-S2005}
-------------------------

In this study, we used two measures of adversity. The first was any involvement with child protective services (CPS). This variable was defined as the start date of any child/young person who received preventive measures in the form of individual or family support or were placed in out-of-home care. This variable was coded 0 for no CPS involvement and 1 for CPS involvement. The second measure of adversity was a diagnosis of adjustment disorder. This disorder was selected as it manifests after a stressful life event or significant change in life circumstances which causes subjective distress and emotional disturbance. In Denmark, every time a person has contact with a hospital, including emergency rooms and hospital outpatient departments they receive one or more ICD-10 diagnoses, which are recorded in the National Patient Register. The diagnosis codes are registered at the time of discharge by the physician. Danish hospitals went straight from using ICD-8 to ICD-10 in 1994. Adjustment disorder was identified using ICD-8 code 309 and ICD-10 code F43.2. This variable was computed in the five years prior the incident and was coded as 1 if a diagnosis was present.

1.6.. Criminal conviction {#S0002-S2006}
-------------------------

Using the Criminal Statistics Register criminal conviction was defined as any conviction in the previous five years. This variable was coded with a value of 1 if a criminal conviction was recorded.

1.7.. Alcohol and/or substance use disorders {#S0002-S2007}
--------------------------------------------

The National Patient Register was also used to create a variable representing substance use disorder that included diagnoses related to both alcohol and illicit drugs. This variable was defined using ICD-8 303--304 and ICD-10 F10-19 codes with a value of 1 if a diagnosis was present.

1.8.. Statistical analysis {#S0002-S2008}
--------------------------

All demographic information and ICD-10 diagnoses were computed for each cohort separately using the time frame of five years prior to the hospital admission for the violence-related injury. To assess the univariate associations between the risk factors and being the victim of violence, a series of chi-square tests were conducted. For binary variables, the associated odds ratio and 95% confidence interval were also computed. In the second stage of the analysis, a multivariate logistic regression analysis was performed to determine the adjusted differences in associations between the risk factors and being the victim of a violence-related injury. This type of analysis therefore shows the unique effect of each factor whilst controlling for other risk factors. All analyses were conducted in SPSS.

2.. Results {#S0003}
===========

2.1.. Descriptive statistics {#S0003-S2001}
----------------------------

There was a total of 3,940 victims of violence across the three cohorts, the majority were male (n = 2,972, 75.4%). The descriptive statistics of the demographic variables are presented in [Table 1](#T0001). Over half of the victims were between 16 and 30 years of age when they experienced the violent injury, just over a third of the victims were aged between 30 and 64 years, attacks for children and those over the age of 65 were least common. There were significant differences between victims and controls regarding their marital status with more victims being unmarried and divorced. Education status was also significantly different with victims being more likely to have attained compulsory education and less likely to attain secondary and higher-level education. Victims were more likely to be outside the labour force (OLF) due to sickness, disability or of pension age. [Table 2](#T0002) presents the univariate risk estimates associated with the binary risk factors. Immigrants were significantly more likely to be victims of violence than Danes. Involvement with CPS was associated with nearly a fourfold increase in the risk of being a victim of violence and having a criminal conviction was associated with just over a fivefold increase in risk. A prior diagnosis of adjustment disorder and alcohol and/or substance use disorders were robust predictors of being victim of violence.10.1080/20008198.2019.1606627-T0001Table 1.Descriptive statistics between risk factors and victims and controls. Control\
*N* (%)Victim\
*N* (%)Total\
*N* (%)*χ*^2^ df *pMarital status*Widow(er)222\
(0.6)23\
(0.6)245\
(0.6)369.54 (3)\
*p* \< 0.001Divorced1,197\
(3.1)335\
(8.5)1,532\
(3.6) Unmarried26,334\
(68.4)2787\
(70.7)29,121\
(68.6) Married10,747\
(27.9)795\
(20.2)11,542\
(27.2) *Education*Compulsory12,952\
(36.7)2013\
(57.7)14,965\
(38.6)634.80 (2)\
*p* \< 0.001Secondary20,057\
(56.8)1411\
(40.5)21,468\
(56.8) Higher2,317\
(6.6)63\
(1.8)2,380\
(6.1) *Employment status*Employed14,647\
(38.0)908\
(23.1)15,555\
(36.7)1077.11 (3)\
*p* \< 0.001Unemployed2,372\
(6.2)344\
(8.7)2,716\
(6.4) OLF6,296\
(16.4)1424\
(36.2)7,720\
(18.2) Student15,180\
(39.4)1,261\
(32.0)16,441\
(38.7) *N*3,94038,50042,440 [^1]10.1080/20008198.2019.1606627-T0002Table 2.Risk estimates between risk factors and victims and controls. Control\
N (%)Victim\
N (%)Total\
N (%)χ^2^ df pOR\
95% CIImmigrant27354303,16575.17 (1)1.60 (7.1)(10.9)(13.6)\<0.001(1.44,1.78)CPS605234839351.86 (1)3.96 (1.6)(5.9)(2.0)\<0.001(3.39,4.62)AD59329172.53 (1)5.34 (0.2)(0.8)(0.2)\<0.001(3.47,8.21)Conviction296295839201313.41 (1)4.85 (13.2)(42.5)(15.9)\<0.001(4.42,5.32)A/SU3773317081200.18 (1)9.27 (1.0)(8.4)(1.7)\<0.001(7.99,10.79)[^2]

2.2.. Multivariate analysis {#S0003-S2002}
---------------------------

Results from the multivariate analysis are presented in [Table 3](#T0003). Males were significantly more likely than females to have a physical injury. When compared to those who were married, being divorced or unmarried were significant predictors of violence. Compared to those who completed secondary level education, those who attained compulsory level were at elevated risk whilst having a tertiary education was a protective factor. Collectively, the strongest risk estimates were for having a diagnosis of an alcohol and/or substance use disorders (OR = 3.62), a prior criminal conviction (OR = 3.54), being OLF (OR = 2.54) and being divorced (OR = 2.07).10.1080/20008198.2019.1606627-T0003Table 3.Odd ratios for multivariate logistic regression predicting violence-related injuries.Risk factorsOR95% CI*p*Male1.141.02, 1.29.03Female^aaa^*Marital status*   Widow(er)1.480.73--3.02.28Divorced2.071.64--2.63\<.001Unmarried1.251.09--1.43.002Married^aaa^Non-Dane1.181.00--1.39.05Danish^aaa^*Education*   Compulsory1.441.30--1.60\<.001Higher0.490.36--0.67\<.001Secondary^aaa^*Employment status*   Unemployed1.631.32--2.02\<.001OLF2.542.17--2.97\<.001Student1.351.16--1.57\<.001Employed^aaa^CPS1.911.54--2.37\<.001No CPS^aaa^AD diagnosis1.750.99--3.10.054No AD diagnosis^aaa^Conviction3.543.18--3.95\<.001No conviction^aaa^A/SU diagnosis3.622.93--4.49\<.001No ASA diagnosis^aaa^[^3]

3.. Discussion {#S0004}
==============

This study aimed to assess a range of risk factors associated with being the victim of violence using a sample of individuals presenting to an ED for a physical violence-related injury. Previous studies have demonstrated that adverse experiences have been associated with an increased risk of victimisation in both adolescence and adulthood (Barnes et al., [2009](#CIT0002); Widom et al., [2008](#CIT0033)). In the current study, two measures of adversity were used, contact with CPS and a prior diagnosis of adjustment disorder. Findings indicated that CPS involvement was significant predictor of being a victim of violence. This would support previous findings highlighting high rates of revictimisation seen in individuals exposed to childhood violence. Another explanation may be that children who experience maltreatment or witness violence at home have been found to be at  heightened risk of aggressive and antisocial behaviour across adolescence and adulthood (Gilbert et al., [2009](#CIT0014); Lansford et al., [2007](#CIT0020)). These factors have also been associated with being a victim of violence in adulthood (Chen, [2016](#CIT0005); DeCamp, Zaykowski, & Lunn, [2017](#CIT0011)). Whilst adjustment disorder was a significant predictor of being a victim of violence at a bivariate level when entered into the multivariate framework it became non-significant when controlling for all other risk factors.

The dominant risk factor was a prior diagnosis of an alcohol and/or substance use disorders which supports a large body of evidence demonstrating the role of alcohol and drug abuse in violence-related injuries (Cherpitel et al., [2013](#CIT0007); Vitale et al., [2006](#CIT0030)). Furthermore, this finding is consistent with an international study that found that the relative risk (RR) for a violence-related injury was significantly greater in current drinkers (RR = 22.2) than for injuries from other causes across all 15 countries (RR = 4.33) (Cherpitel & Ye, [2010](#CIT0008)). A possible explanation for the role of alcohol and drug misuse in violence-related injuries is that these substances reduce inhibitions and are generally consumed in social situations whereby others are also participating, leading to more aggressive behaviours which may subsequently lead to a violent provoking situation.

A substantial proportion of victims had a conviction in the five years prior to the attack (42.5%) and findings from the multivariate analyses found that having a criminal conviction conferred a three-fold increase in risk compared to controls. This finding has been noted in other ED studies examining violence-related injuries (Bohnert et al., [2015](#CIT0004)). Indeed, evidence suggests that victims and perpetrators of interpersonal violence often share similar characteristics (Aaltonen, [2017](#CIT0001); Jennings, Higgins, Tewksbury, Gover, & Piquero, [2010](#CIT0016)). Furthermore, prior studies have shown that individuals treated for violence-related injuries in ED are more likely to be involved in criminal activities than individuals treated for unintentional injuries (Rivera, Shephard, Farrington, Richmond, & Cannon, [1995](#CIT0026)). One potential explanation for this is that there are certain sociodemographic factors such as neighbourhood disadvantage, engagement with delinquent peers that increase exposure to violent individuals or situations whereby aggressive or antisocial behaviours are more likely to emerge.

Evidence indicates that young males are at increased risk of physical assault than females (Bell, Qiao, Jenkins, Siedlecki, & Fecher, [2016](#CIT0003); Monuteaux et al., [2012](#CIT0022); Sivarajasingam et al., [2016](#CIT0027); Steen & Hunskaar, [2004](#CIT0028)) which was consistent with the current findings that demonstrated when controlling for all other risk factors males remained at a higher risk than females. Notably, it was evident that males aged between 16 and 30 constituted over half of the current sample highlighting that this particular group may be over-represented in the current study. Furthermore, being of non-Danish origin was a risk factor for a violence-related injury which supports previous studies that reported elevated risk in ethnic minorities (Kruse et al., [2010](#CIT0019); Monuteaux et al., [2012](#CIT0022); Steen & Hunskaar, [2004](#CIT0028)). However, it should be noted that the magnitude of these effects for both gender and national origin was relatively small. Findings further indicated that compared to married individuals, those who were unmarried and divorced also conferred an elevated risk of violence-related injuries. This was similar to an earlier Danish study that found being single and divorced was associated with an increase in interpersonal violence for both males and females (Kruse et al., [2010](#CIT0019)). Furthermore, individuals who were in receipt of sickness/disability benefits and pensioners were at higher risk of being victims of violence. This finding is consistent with previous studies demonstrating individuals with disabilities are at heightened risk of violence (Hughes et al., [2012](#CIT0015)) and physical abuse in older adults (Friedman, Avila, Tanouye, & Joseph, [2011](#CIT0013)).

This study should be considered in the context of some methodological limitations. First, the current analyses were based on hospital admission data on victims of violence presenting for treatment of their injuries. This is therefore likely to underestimate the strength of the reported associations as many individuals may not seek medical care for their injuries. Second, the time period covered in this study is between 1987--2000, therefore, the findings may not be reflective of current trends in interpersonal violence. Third, we did not include analysis of perpetrator status which may have shed light on the type of interpersonal violence the victims experienced (e.g. intimate partner violence or stranger violence). Fourth, a challenge with linked administrative data is that these data are collected for other purposes and researchers do not get to decide what variables are collected. For example, the use of adjustment disorder is not an ideal measure of adversity, therefore, interpretation of this finding should be treated with caution. Finally, details of the nature of the assault and the degree of injuries incurred were not available.

Notably, the current findings indicate that the presence of an alcohol and/or substance use disorders and a previous conviction in the current study were the dominant factors in violence-related injuries. The international consistencies of these risk factors highlight an important focal point to target interventions aimed at reducing interpersonal violence. Indeed, studies have found that experiencing interpersonal violence is usually not an isolated event and that there is a heightened risk of recurrent violence-related injuries particularly within a six-month period (Cunningham et al., [2015](#CIT0010); Kaufman et al., [2016](#CIT0018)). This evidence highlights that recidivism rates are high in assault-injured patients and therefore future violence interventions may be most effective in the first 6 months after injury. However, the majority of individuals who attend ED are treated and then discharged, the current findings suggest that when these risk factors are taken into consideration these individuals are a vulnerable group in need of services that reduce the recurrence of violence related assaults and reduction in the intent to retaliate (Bohnert et al., [2015](#CIT0004)).

Several interventions have been developed to target the harmful effects of alcohol on violent crime. Particularly, evidence for the effectiveness of brief interventions in ED's have demonstrated a reduction in violence-related injury and consequences by targeting youth peer violence and alcohol misuse (Walton et al., [2010](#CIT0031)). Furthermore, there has been some evidence that increasing the price of alcohol has led to a reduction in violence-related injuries requiring hospital treatment (Page et al., [2016](#CIT0023)). Increases in alcohol prices may be particularly beneficial to youth who represent a high-risk population for violence-related injuries treated in ED's. Additionally, given the links between criminality and violent victimisation it may be beneficial to explore interventions that reduce criminal behaviours as a preventive strategy for violence-related injuries particularly in youth and young adult samples. Evidence from a systematic review of cognitive behavioural programmes for criminal offenders demonstrated a crime recidivism reduction of 25% over a 12-month period (Lipsey, Landenbeger, & Wislon, [2007](#CIT0021)) which may subsequently reduce violence-related injuries. Finally, more research into effective interventions offered in ED's may help with the public health effort to reduce the health, social and economic burden of interpersonal violence.

In conclusion, this study used the Danish nationwide registers to explore a number of risk factors for violence-related injuries treated in emergency departments using a time period of five years prior to the violent assault. The findings demonstrated that whilst there are multiple risk factors associated with violence-related injuries the strength of these risk estimates differ in magnitude with substance abuse and previous criminal convictions being the most dominant. Recent evidence suggests that rates of violence-related injuries may be declining, however, there are still substantial figures of non-fatal assaults requiring treatment at emergency departments (Sivarajasingam et al., [2016](#CIT0027); Summer et al. [2015](#CIT0029)). Emergency departments, therefore, represent an important venue to target violence reduction interventions.
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[^1]: Note: *N* = sample size; *χ*^2^ = chi-square; df = degrees of freedom; *p* = probability value; OLF = outside labour force.

[^2]: Note: *χ*^2^ = chi-square; df = degrees of freedom; OR = odds ratio; CI = confidence intervals; *p* = probability value; CPS = Involvement with child protective services; AD = adjustment disorder' A/SU = alcohol and/or substance use disorders.

[^3]: Note: OLF = outside labour force; CPS = Involvement with child protective services; AD = adjustment disorder' A/SU = alcohol and/or substance use disorders; OR = odds ratio; CI = confidence intervals; p = probability value. ^a^ = reference category.
